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1, INTRODUCTION 
The concept of a nationai applied math contest for undergraduates occurred’to me in 
October 1983. It surfaced because of difficulties we uere having in getting our students 
to prepare for the Putnam. Salisbury State College has a high percentage of first-generation 
students, and they tend to view facing such a formidable exam alone as an ordeal. The 
practice of reporting very low scores adds to the chilling effect. Finally, the small applied 
content of the Putnam problems did not generate much enthusiasm in practical-minded 
students. However, there was more to this notion of an applied math contest than mod- 
ifying a exam. 
The concept was based on a substrate that had developed over a dozen years. I had 
chafed at the overemphasis in established mathematics of ihe pure, formalistic approach, 
almost devoid of content. Many campuses lacked any appreciable applied or constructive 
presence. In my mind, (classical) applied math, computational math, and statistics were 
as important a part of mathematical activities and curricula as pure math. The model I 
had in mind represented each of these four as a vertex of a tetrahedron. The edges, faces. 
and interiors represented such “interdisciplinary” activities as applied linear algebra. 
numerical analysis, or operations research. 
The Putnam, reflecting post-1945 Bourbaki bias, dealt with a small neighborhood of 
the lofty apex. . . . It would be difficult to tell from the exam that the computer existed. 
These thoughts merged and then popped up in verbal form as “Applied Putnam.” I 
tested the notion on a colleague, Bob Tardiff. His response was: “Why don’t you do it?” 
Most of my other colleagues also liked the idea, but it seemed prudent to check with some 
off-campus mathematicians who had long involvements in applied math. Calls to M. S. 
Klamkin, H. 0. Pollak, and E. Y. Rodin elicited favorable responses and encouragement 
to proceed. I then called A. P. Hillman, who has had many years of experience with the 
Putnam competition. Hillman urged me to start with a small pilot project and warned that 
I might be underestimating the difficulty.of running a national contest. (He was right.) 
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Being chairman of the Education Committee of the Society for Industrial and.Applied 
Mathematics (SIAM) gave me a natural forum for this project. An outline of a proposal 
for a pilot contest was sent to members of this SIAM committee on 5 November 1983. 
The gist of the proposal: 
Sessions 
Number of Problems 
Type of Problems 
Format 
Time 
Pure Putnam 
Two (each 3 hours long) 
Twelve 
Structural. pure 
Individual students 
December 
“.Applied Putnam” 
Two (each 3 hours long) 
TWO 
Contextual. applied 
Teams of three students 
Microcomputers allowed 
March 
The committee responded very favorably to the proposal, but with strong reservations 
on the time allotted per problem. The feeling was that an applied math problem could not 
be done in half a day-estimates ran from a day to a week. One experienced SIAM officer 
said that a realistic problem needed a whole semester! These observations, coupled with 
my fairly unshakable view that a contest for undergraduate should not occupy more than 
a weekend, doomed one of my favorite schemes: Teams should be required to do one 
continuous and one discrete problem. 
Although the education committee looked on the applied Putnam w-ith favor, SIAM’s 
leadership felt that the committee already had enough projects and that it should continue 
to concentrate on the K-12 level. However. so many people had judged the idea to be 
good and workable that I decided to seek another forum. 
2. FUNDING THE CONTEST 
Warren Page, editor of the College Mathematics Journal, gave an invited lecture to 
the Maryland, Washington, D.C. and Virginia Mathematical Association of America sec- 
tion on 18 November. His lively presentation included many applied examples, so I ap- 
proached him with the idea after his talk. Page listened attentively but guardedly-the 
term “Applied Putnam” was definitely not to his liking. His initial reaction vvas that the 
concept was interesting but not feasible. 
About three weeks later, Page called me at home to say he had given this concept of 
an applied contest quite a bit of thought. He had come around to the position that it was 
a valuable idea and that it ought to be done. Moreover. he had broached the subject to 
S. A. Garfunkel, executive director of COMAP. The Consortium for Mathematics and 
its Applications had been supporting applicable math in a variety of ways since 1972. 
Garfunkel was very enthusiastic, and Page urged me to get in touch with him. Although 
I was a member of COMAP and had used its materials. I had never had any interaction 
with Garfunkel. After one phone conversation, it was clear that we had similar goals. In 
fact, “increasing the applied presence” on campus might be one way to describe what 
COMAP had been doing over the years. He suggested that a proposal for a three-year 
grant be sent to the Fund for the Improvement of Post-Secondary Education (FIPSE), 
Department of Education, with COMAP the administering body and me as project di- 
rector. FIPSE had a reputation for backing novel ideas that might have far-reaching ef- 
fects. The offending term Applied Putnam was transformed into the Mathematical Com- 
petition in Modeling (LMCM), and the preliminary proposal squeaked by FIPSE’S 12 
January 1984 deadline. It was soon approved, and the final three-year proposal was ap- 
proved in June 1984. 
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3. GOALS OF THE MCkI 
.tij 
The goals and purposes of the MCM are best described by two paragraphs from the 
abstract of the final proposal to FIPSE. 
The purpose of this competition is to involve students and faculty in clarifying. analyzing, and 
proposing solutions to open-ended problems. We propose a structure uhich will encourage wide- 
spread participation and emphasize the entire modeling process. lCIajor features include: 
l The selection of realistic open-ended problems chosen with the advice of working mathematicians 
in industry and government. 
l An extended period for teams to prepare solution papers within clearly defined format. 
l The ability of participants to draw on outside resources including computers and texts. 
l An emphasis on clarity of exposition in determining final awards with the best papers published 
in professional mathematics journals. 
Xs the contest becomes established in the mathematics community. new courses. workshops. 
and seminars will be developed to help students and faculty gain increased experience with math- 
ematical modeling. 
4. ORGANIZING THE MCM 
An advisory board was formed of applied mathematical scientists who had been early. 
backers of an applied math contest: 
B. A. Fusaro, Salisbury State College, Salisbury, MD 
A. P. Hillman, University of New Mexico, Albuquerque. Nhl 
IM. S. Keener, Oklahoma State University, Stillwater. OK 
H. 0. Pollak, Bell Communications & Research. Inc., Morristown, NJ 
F. J. Roberts, Rutgers University, New Brunswick, NJ 
E. Y. Rodin, Washington University, Saint Louis. MO 
L. H. Seitelman, Pratt & Whitney, East Hartford, CT 
Maynard Thompson, University of Indiana, Bloomington, IN 
Hillman, who for many years directed grading for the Putnam, agreed to be chief grader. 
This eliminated one of the two swords that hung over our heads: finding suitable problems 
and grading. 
The first advisory board meeting was scheduled for August, vvhich left just enough time 
to prepare for a contest in February 1985. Budget prob!e.ms in Washington de!ayed our 
funding. COMAP took the risk of spending unreceived money for our first meeting, held 
in Chicago on 30 September 1984. 
The board made all decisions by consensus. We selected two types of problems, ap- 
proved ground rules, set up a Putnam-like system of faculty advisors, and established 
grading classifications. (We all agreed it was unrealistic to linearly order problems of this 
nature.) The inaugural contest was set for the weekend of 15 February 1985. The meeting 
was very productive, but we departed with a note of concern over the short amount of 
time for publicity, registration, and final write-up of contest materials. We wondered 
whether we could get our predicted 55 colleges to enter the first Mathematical Competition 
in Modeling. 
It turned out that I58 teams registered, representing 104 colleges, a response that 
overwhelmed us. Anything above 100 solution papers was unmanageable-there was not 
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enough manpower to allow multiple readers for each paper. There were actually 90 papers 
submitted, representing 70 colleges, a large but tractable number. 
5. THE TWO MCM PROBLEMS 
Managing an animal population 
Naturally-occurring animal populations are found in environments where there are 
resource constraints, that is, limited food, space, water, etc. Select a fish or mammal 
(Chincoteague ponies, deer, rabbits, salmon. striped bass, for instance) and an environ- 
ment for which you can f?nd appropriate data. and form.ulate an optimal policj: for har- 
vesting members of the population. 
Managing a strategic reserve 
Cobalt, which is not produced in the U.S., is essential to a number of industries (Defense 
accounted for 17 percent of the cobalt production in 1979). Most cobalt comes from central 
Africa, a politically unstable region. The Strategic and Critical Materials Stockpiling Act 
of 1946 requires a cobalt reserve that will carry the U.S. through a three-year war. The 
government built up a stockpile in the 1930s. sold most of it off in the early 197Os, and 
then decided to build it up again in the late 197Os, with a stockpile goal of 85.4 million 
pounds. About half of this stockpile had been acquired by 1982. 
Build a mathematical model for managing a stockpile of the strategic metal cobalt. You 
will need to consider such questions as: How big should the stockpile be? At what rate 
should it be acquired? What is a reasonable price to pay for the metal? You will also want 
to consider such questions as: At what point should the stockpile be drawn down? At 
what rate should it be drawn down? What is a reasonable price to sell the metal? How 
should it be allocated’? (Accompanied by a sheet with more information on the sources, 
cost, demand, and recycling aspects of cobalt. See Appendix A.) 
The faculty advisor was to open the envelope Friday morning and instruct the team to 
choose a problem by noon (else the advisor was to assign the team one of the problems). 
The ground rules allowed the team to use any inanimate source. It was emphasized 
that partial solutions were acceptable, and that there was no passing score. Except for 
diagrams, graphs, etc., the solution paper had to be typed. 
The open-ended nature of the problems required guidance, so the following outline was 
provided: 
1. A clarification or restatement of the problem as appropriate. 
2. A clear exposition of all assumptions and hypotheses. 
3. An analysis of the problem, justifying or motivating the modeling to be used. 
4. The design of the model. 
5. A discussion of how the model can be tested. 
6. A discussion of the strengths, weaknesses of the model, including error analysis and 
such things as stability (e.g. conditioning sensitivity). 
7. A one-page summary of results. 
6. RESULTS OF THE CONTEST 
Awaiting the onslaught of these 90 problem-solving teams were 13 graders. (See Ap- 
pendix B.) They were headed by A. P. Hillman, of long-time Putnam experience. The 
graders met at the University of New Mexico, Albuquerque, the first weekend in March. 
Each of the papers was read by at least three graders. After an effort that can only be 
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described as character-building. 12 of the student papers were classified as Honorable 
Mention, and 18 were classified as Meritorious. 
The MCM advisory board unanimously designated six of the meritorious papers as 
outstanding: 
Animal Population problem (60 solution papers) 
1. Population Dynamics of Deer 
Harvey Mudd College Dana Hobson 
Claremont, CA 9171 I Scott Bailey 
(Prof. S. N. Busenburg) David Ho 
2. Grizzly Bears in Yellowstone National Park 
Mount St. Mary’s College Michael Caulfield 
Emmitsburg, MD 21727 Daniel McCaffery 
(Prof. C. 0. Harris) John Kent 
3. An Effective Strategy for Harvesting Salmon 
Southern Methodist University Julian Anthony 
Dallas, TX 75275 Mike Frohme 
(Prof. Richard Haberman) Joe Ramey 
4. Mathematical Modeling of the Peruvian Anchovy Population Dynamics 
Washington University Jonathan Caulkins 
St. Louis, MO 63130 Andrew Yates 
(Prof. D. A. Elliott) Rob Barrett 
Strategic Reserve Problem (30 solution papers) 
1. The Problem of Managing a Strategic Reserve 
Calvin College Jack Snoevink 
Grand Rapids, MI 49506 Loren Haarsma 
(Prof. G. A. Klaasen) David Cole 
2. Managing a Cobalt Stockpile 
New Mexico State University Sunit Bhalla 
Las Cruces, NM 88003 David Thomas 
(Prof. J. D. Thomas) Lance Waller 
These solution papers have been edited slightly for inclusion in this special issue. 
The excellent geographical and college-university distributions might suggest to the 
reader that there was some sort of quota system, but there was none. The solution papers 
had all been coded. The twelve other meritorious teams are: 
Animal Population Problem 
California Polytechnic State University, San Luis Obispo, CA (Prof. Thomas O’Neil) 
California State University, Northridge, CA (Prof. T. F. Lin) 
Cooper Union (two teams), NYC, NY (Prof. E. Kondopirakis) 
Harvey Mudd College, Claremont, CA (Prof. S. N. Busenberg) 
Oklahoma State University, Stillwater, OK (Prof. J. R. Choike) 
University of California (two teams), Berkeley, CA (Prof. F. R. Grunbaum) 
Strategic Reserve Problem 
Beloit College, Beloit, WI (Prof. P. D. Strafftn) 
Central Washington University, Ellensburg, WA (Prof. Ken Gamon) 
Harvard University, Boston, MA (Prof. Andrew Gleason) 
Trinity University, San Antonio, TX (Prof. J. E. Gayek) 
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A list of participating schools, including their contest classification, is in Appendix C. 
The solutions published in this issue are self-validating documents of the quality of the 
six outstanding papers. The other twelve meritorious papers are also of high quality. After 
the official grading was over, I decided to examine some of the papers that did not receive 
any special designation. Many of those-products of three mdergraduate students rt.ork- 
ing over a long weekend-are impressive, indeed. 
7. AWARDS 
The time was too short to seek monetary or physical prizes for competing teams. The 
advisory board considers such awards desirable, but they are far from necessary. Notes 
and phone calls to COMAP and to the project director reflected excellent spirit and superb 
self-starting activity in the schools. This is in line with the over-all goal of making the 
Mathematical Competition in Modeling primarily an educational activity. not simply a 
forum for teams to clash. 
Each participating team will receive a certificate signed by the chief grader and the 
project director. Pergamon Press has contributed one thousand dollars to pay for bronze 
plaques for the six outstanding teams. 
The University of Southern California awarded special graduate assistantships in their 
Applied Math program to members of the outstanding teams. It is noteworthy that this 
was done before the February 1985 contest had taken place. Professor W. Proskurowski. 
chairman of the USC program, has recommended that such assistantships also be awarded 
to members of the meritorious teams. 
APPENDIX A 
USEFUL INFORMATION ON COB.ALT 
The government has projected a need of 25 million pounds of cobalt in 3985. 
The U.S. has about 100 million pounds of proven cobalt deposits. Production rvill become eco- 
nomically feasible when the price reaches $22 per pound (1981). It will take four years to get 
operations rolling, and then six million pounds per year will be produced. 
In 1980 1.2 million pounds of cobalt were recycled, seven percent of total consumption. 
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APPENDIX B 
GRADERS 
Chief Grader 
A. P. Hillman, Department of Mathematics, University of New Mexico 
Associate Graders 
M. S. Keener, Department of iMathematics, Oklahoma State University 
Maynard Thompson, Department of Mathematics, Indiana University 
* Countries with domestic production. 
Source: U.S. Bureau of i&lines. *Mineral Facts and Problems (1980). 
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Assistant Graders 
B. A. Fusaro, Department of LMathematical Sciences, Salisbury State College 
R. M. Grassl. Department of Mathematics, University of New Mexico 
Bernard Moret, Department of Computer Science. University of New Mexico 
D. R. Morrison, Department of Computer Science, University of New Mexico 
Gloria Padilla, Sandia National Laboratories 
S. .4. Pruess, Department of Mathematics, Univesity of New Mexico 
F. S. Roberts. Department of IMathematics, Rutgers University 
E. Y. Rodin, Department of Systems Science & Mathematics, Washington University 
Henry Shapiro, Department of Computer Science, University of New Mexico 
S. L. Steinberg, Department of Mathematics, University of New Mexico. 
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Mathematical competition in modeling 
CAUTION TO THE READER 
The reader is requested to keep these student papers in context. 
Usually a published paper has been presented to an audience, shown 
to one’s colleagues, re-written by the author, and checked by a 
referee. These papers are the result of three undergraduates working 
on a problem over a weekend. It was our feeling that it would be 
artificial to allow re-writes - it could give a false impression of 
accomplishment. So these papers are essentially arc naturel. Only 
typographical and similar minor errors have been corrected. Please 
peruse these student efforts in that conrexr. 
B. A. Fusaro 
Guest Editor 
